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Summary
Objectives: Although ischemic electrocardiographic (ECG) changes during dipyridamole or
adenosine infusion have been reported as a marker for severe coronary artery disease (CAD),
few studies have focused on ST-segment changes with adenosine triphosphate (ATP)-loading
myocardial single-photon emission computed tomography (SPECT).
Methods and subjects: Between January 2003 and August 2008, 4650 consecutive patients under-
went ATP-loading SPECT. After 1412 patients with left bundle branch block, pacemaker rhythm,
or previous coronary revascularization were excluded, 16 out of 3238 patients (0.5%) showed
ischemic ST-segment depression during ATP-loading myocardial SPECT. They were aged 67± 11
years; 10 were men and 6 women. Of these patients, 8 demonstrated perfusion abnormalities,
whereas the remaining 8 showed normal myocardial perfusion imaging. In 6 of the 8 patients
with abnormal SPECT, coronary angiography was performed, revealing left main trunk disease in
1 patient, 3-vessel disease in 4, 1-vessel disease with proximal left ascending artery occlusion
in 1, and an insigniﬁcant lesion in 1. By contrast, no major cardiac event was observed in the
8 patients with normal SPECT during follow-up for an average of 2 years.
Conclusion: The prevalence of ischemic ST-segment changes during ATP loading is very rare.
However, this ﬁnding should be taken into account since almost half of the patients, par-
ticularly those with perfusion abnormalities, may have severe CAD which requires coronary
revascularization.
© 2010 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
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Introduction
Electrocardiographic (ECG) changes during stress myocar-
dial perfusion imaging (MPI) add diagnostic value to the
perfusion images [1,2]. To detect coronary artery disease
(CAD), myocardial single-photon emission computed tomog-
raphy (SPECT) with loading of adenosine triphosphate (ATP)
or of any other vasodilator drugs such as adenosine or dipyri-
damole is useful for those who cannot exercise. Previous
studies reported that ischemic ECG changes during dipyri-
damole or adenosine infusion were a marker for severe CAD
such as 3-vessel or left main CAD [3,4]. However, the preva-
lence and diagnostic signiﬁcance of ischemic ECG changes
induced by adenosine triphosphate is unclear. The present
study, therefore, evaluated the clinical importance of ECG
changes during ATP-loading MPI.
Methods
Study patients
We retrospectively studied 8186 consecutive patients with
suspected or known CAD using stress myocardial SPECT
from January 2003 to August 2008 in the Department of
Cardiology of Tokyo Medical University. Of these, we iden-
tiﬁed 4650 patients who underwent ATP-loading myocardial
SPECT. Patients who had digitalis, left bundle branch block
(LBBB), pacemaker rhythm, atrial ﬁbrillation, frequent
extrasystoles, and previous coronary revascularization were
excluded.
ATP-loading protocol
After the termination of 18-h anti-anginal medication, using
99mTc-sestamibi/tetrofosmin or 201Tl, ATP-loading myocar-
dial imaging was performed on a 1-day protocol [5].
Patients were also asked not to take a beverage con-
taining caffeine at least 12 h before the ATP stress test.
For 99mTc labeled radiotracers, adenosine triphosphate dis-
odium (0.16mg kg−1 min−1) was administered intravenously
for 6min [6], and, from the end of the third minute, 99mTc-
sestamibi/tetrofosmin was given intravenously, 30min after
which image acquisition was commenced. No exercise was
added before the image acquisition. On the same day, the
patients were given 99mTc-sestamibi (777MBq) while at rest,
and then, 30min later, quantitative gated myocardial SPECT
images were acquired. The protocols of 201Tl (111MBq)
myocardial SPECT were similar to those of previous methods
[7]. Delayed images were acquired 4 h later.
Analysis of ECG
A standard 12-lead ECG was obtained on the same day as
the ATP infusion but a few minutes before it. ECG monitor-
ing was taken during ATP infusion and a standard 12-lead
ECG was obtained every minute for 8—9min. The ECGs
were interpreted as positive for ischemia in the presence
of a >1mm horizontal or down-sloping ST-segment depres-
sion, or a 2mm or more up-sloping ST-segment depression
80ms after the J-point, when they were compared with
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hat observed at rest. The ECGs were blindly read by two
bservers who had no knowledge of the clinical history or
he tomography results, any differences being resolved by
onsensus.
mage acquisition
ata were acquired with a 2- or 3-detector gamma cam-
ra (Prism 2000XP or Prism 3000XP, Picker, Cleveland, OH,
SA) for 180◦ or 360◦ arcs (in 20—30 six degree-wide direc-
ions, taking 30 s per direction). For both radioisotopes,
low-energy high-resolution parallel multi-hole collimator
as used. The maximum matrix size was 64× 64. When the
CG-gated images were made, the R-R interval was divided
y the R wave trigger into 8 equal portions, allowing end-
iastolic and end-systolic images to be obtained. All patients
ere in sinus rhythm during the imaging. SPECT images were
onstructed from the data by a data processor (Odyssey VP,
icker) combined with a Butterworth ﬁlter (order 8; cutoff
requency 0.25 cycles/cm for 99mTc-sestamibi/tetrofosmin
nd 0.2 cycles/cm for 201Tl) and a ramp ﬁlter [8].
mage interpretation
ccording to a method reported elsewhere [9], each SPECT
mage was divided into 20 segments. The accumulation of
adioisotope in the myocardium was visually evaluated by
cardiologists using a 5-grade scale: 0 (normal), 1 (slight
eduction of uptake), 2 (moderate reduction of uptake), 3
severe reduction of uptake), or 4 (no radioactive uptake).
he totals of the scores for all the segments during exercise
nd at rest were designated the summed stress score (SSS)
nd the summed rest score (SRS), respectively. The summed
ifference score (SDS) was deﬁned as SSS minus SRS. Abnor-
al results from SPECT were deﬁned as an SSS of ≥4 and/or
DS of ≥2 [10]. Disagreements in image interpretation were
esolved by consensus.
oronary angiography
ndications for coronary angiography were decided by the
ttending physicians on the basis of the clinical risk pro-
les of patients, the results of noninvasive tests, and the
atient’s preference. Multidirectional coronary angiography
as performed according to Judkins’ method. The degree
f coronary artery stenosis was visually rated using calipers,
nd stenosis was deemed signiﬁcant when ≥75% diameter
arrowing was reached [11]. For all patients who underwent
ardiac catheterization, treatment strategy was discussed
n the presence of the primary physicians, nuclear car-
iologists, interventional cardiologists, and cardiovascular
urgeons.
atient follow-upatient follow-up was performed by physician contact. The
ollow-up period was deﬁned as the time from the SPECT
tudy until a signiﬁcant event or the last visit to the insti-
ution. Signiﬁcant events were death, nonfatal myocardial
nfarction, percutaneous coronary intervention, coronary
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rtery bypass grafting, hospital admission for heart failure
12], or unstable angina [13]. All patients whowere admitted
o hospital because of heart failure required roentgeno-
raphic evidence of pulmonary congestion. Deaths were
lassiﬁed as either cardiac or noncardiac.
esults
linical characteristics of patients
rom 4650 consecutive patients who underwent ATP-loading
yocardial SPECT, 1412 patients who had digitalis, LBBB,
acemaker rhythm, and previous coronary revasculariza-
ion were excluded. Among the remaining 3238 patients,
e identiﬁed 16 patients (0.5%) who showed ischemic ST-
egment depression during ATP-loading myocardial SPECT.
he patients were aged 67± 11 years; 10 were men and
women. The prevalence of hypertension was 88%, that
f diabetes mellitus, 38%, of hyperlipidemia, 44%, and of
ctive smoking, 31%, and a family history of ischemic heart
isease was present in 25% (Table 1). There were patients
ith suspected old myocardial infarctions (13%) and left ven-
ricular hypertrophy (19%) according to the ECG ﬁndings.
he radiotracer used for MPI was 99mTc-sestamibi in 3 (19%),
9mTc-tetrofosmin in 1 (6%), and 201Tl in 12 (75%).
CG ﬁndings
ixteen patients (0.5%) were in sinus rhythm and showed
schemic ST-segment depression during ATP-loading myocar-
ial SPECT. In all, there was down-sloping ST depression in 11
69%), horizontal ST depression in 4 (25%), and up-sloping ST
epression in 1 (6%). ST depression occurred 3± 1min after
TP infusion.
emodynamic changes and SPECT ﬁndings
e separated the study patients into a normal perfu-
ion group and an abnormal perfusion group (SSS = 7± 5,
DS = 4± 3; n = 8). There was no signiﬁcance in peak heart
ate (94± 15 bpm vs. 92± 10 bpm; p =NS), peak systolic
lood pressure (175± 39mmHg vs. 166± 40mmHg; p =NS),
hange in heart rate with ATP (10± 1 bpm vs. 19± 8 bpm;
=NS), and change in systolic blood pressure (17± 4mmHg
s. 19± 19mmHg; p =NS) between the two groups (Table 2).
Table 1 Clinical characteristics of 16 patients who showed
adenosine triphosphate-induced ST depression.
Age (years) 67± 11
Women 6 (38%)
Body mass index 22± 4
Diabetes mellitus 6 (38%)
Hypertension 14 (88%)
Current smoking 5 (31%)
Family history of ischemic heart disease 4 (25%)
Hyperlipidemia 7 (44%)
Prior myocardial infarction 2 (13%)
Left ventricular hypertrophy 3 (19%)
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n abnormal perfusion area in the left anterior descend-
ng arterial (LAD) territory was observed in 5 (63%), in the
ight coronary arterial territory in 2 (25%), and in the left
ircumﬂex arterial territory in 2 (25%).
linical courses after SPECT study
ight of the patients demonstrated perfusion abnormali-
ies, whereas the remaining 8 showed normal myocardial
erfusion imaging. In 6 of the 8 patients with abnormal
PECT, coronary angiography was performed, revealing left
ain trunk (LMT) disease in 1 patient, 3-vessel disease in
, 1-vessel disease with proximal LAD lesion in 1, and an
nsigniﬁcant lesion in 1 (Table 3). Coronary angiogram was
ot performed in the remaining 2 patients because of mild
everity of perfusion abnormality (Table 3). A typical case
hat showed ST-segment depression during ATP-loading, and
-vessel CAD on coronary angiograms is illustrated in Fig. 1.
The 16 patients who had ATP-induced ST depression were
ollowed for a mean of 24 months (Fig. 2). In 5 of 8 patients
ith normal SPECT, coronary angiography was not performed
nd no event was observed during a 24-month period. Only
ne patient with normal SPECT who underwent coronary
ngiography, had a moderate stenosis in the LAD and per-
utaneous intervention was performed.
iscussion
n the present study of 3238 patients, ST-segment depression
uring ATP-loading myocardial SPECT was rarely observed
16 cases, 0.5%). In these 16 patients, myocardial perfusion
n SPECT was normal in 8, and abnormal in the other 8.
mong the patients with normal perfusion, no severe CAD
nd no cardiac event was observed for 24 months, except
ne patient who had 1-vessel CAD (Fig. 2). However, among
hose with abnormal perfusion, the prevalence of severe and
xtensive CAD was high.
In previous studies, ST-segment depression in pharmaco-
ogic stress myocardial SPECT was also reported. ST-segment
epression induced by dipyridamole stress occurred in
—40% [4,14], and that by adenosine stress in 7.5—20%
15,16]; these incidences were higher than what was seen
n ATP stress in the current study, namely 0.5%. Low-
evel exercise such as walking in place was added after
he pharmacologic loading in some of the previous stud-
es, while no exercise was conducted in the current study
14—16]. In our study, furthermore, patients with known
AD who had required coronary revascularization were also
xcluded. These differences in study protocol and patients
ay explain, in part, the very low incidence of ATP-induced
T-segment depression.
According to previous studies, ST-segment depression
ith pharmacologic stress myocardial SPECT implies severe
schemia such as an LMT lesion or multi-vessel CAD [4,14].
t is frequently reported that ST-segment depression dur-
ng pharmacologic stress is correlated with an amount
f reversible defect [4,17]. Adenosine combines with the
2-receptors and increases coronary blood ﬂow 4—5-fold
n a normal coronary artery, and it also increases the
emand for myocardial oxygen [18]. If coronary ﬂow reserve
s preserved, adenosine increases coronary blood ﬂow. If
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Table 2 Hemodynamic parameters during ATP loading.
Abnormal perfusion (n = 8) Normal perfusion (n = 8) p-value
HR at rest (bpm) 81 ± 11 73 ± 13 NS
SBP at rest (mmHg) 157 ± 19 157 ± 34 NS
HR after ATP loading (bpm) 94 ± 15 92 ± 10 NS
SBP after ATP loading (mmHg) 175 ± 39 166 ± 40 NS
Change in HR (bpm) 10 ± 1 19 ± 8 NS
Change in SBP (mmHg) 17 ± 4 19 ± 19 NS
ATP: adenosine triphosphate; bpm: beats per minute; HR: heart rate; SBP: systolic blood pressure.
Table 3 Proﬁles of 16 patients showing adenosine triphosphate-induced ST depression.
No. Age
Sex
Leads with
ST dep
Max ST
dep (mm)
SSS SDS Area of perfusion
defect
Lesions of coronary arteries by
CAG
Normal perfusion
1 61M II, III, aVF 1 0 0 (7) 90%
2 74M II, III, aVF 2 0 0 (1) 50% (7) 50%
V4—V6
3 69M II, III, aVF 1 0 0 Normal coronary
V4—V6
4 61F II, III, aVF 1 0 0 N/A
V4—V6
5 68M II, III, aVF 1 3 0 Inferoposterior N/A
V4—V6
6 55M II, III, aVF 1 0 −1 Inferoposterior N/A
V4—V6
7 72M IaVL 1 0 0 N/A
V5, V6
8 80F II, III, aVF 1 0 0 N/A
V4—V6
Abnormal perfusion
9 62M II, III, aVF 1 5 0 Inferoposterior (1) 100%
(5) 75% (6) 90% (7) 90%
(9) 90% (12) 90%
10 57F V5, V6 1 16 9 Anteroseptal (3) 90% (4PD) 90% (7) 99delay
Lateral (9) 75% (11) 99% delay (HL) 99%
11 70F II, III, aVF 1 11 7 Anterolateral (4PD) 90% (7) 75%
V2—V6 (9) 90%
(11) 75%
12 84F II, III, aVF 2 4 4 Anterior (1) 50%
V4—V6 (6) 75% (7) 90%
(10) 90% (HL) 90%
(11) 75% (12) 50%
(13) 90% (14) 90% (15) 75%
13 83M II, III, aVF 1 12 6 Anteroseptal (7) 99%delay (9) 90%
V4—V6
14 52M V5, V6 1 4 0 Lateral normal coronary
15 46F II, III, aVF 1 2 2 Anterior N/A
V4—V6
16 70M II, III, aVF 1 2 2 Inferoposterior N/A
V4—V6
CAG: coronary angiography; dep: depression; F: female; HL: high lateral branch; M: male; N/A: not available; PD: posterior descending
artery; SDS: summed difference score; SSS: summed stress score.
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Figure 1 (A) Typical case showing ST depression during adenosine triphosphate-loading myocardial single-photon emission com-
puted tomography (SPECT). Compared with rest electrocardiogram, in stress electrocardiogram, down-sloping type ST depression
and reversible hypoperfusion in the apex and the inferior wall are observed. (B) In coronary angiography after SPECT, multi-vessel
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nisease is present.
DV: end-diastolic volume; EF: ejection fraction; ESV: end-syst
uted tomography.
evere stenosis is present, however, coronary ﬂow reserve
ecreases in the coronaries in order to maintain the ﬂow in
he distal portion of an artery [19,20]. The appearance of
any collaterals in multi-vessel CAD or in cases of LMT lesion
auses the myocardial steal phenomenon due to increased
yocardial oxygen demand during stress. As a result, coro-
w
s
f
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svolume; QGS: quantitative gated single-photon emission com-
ary artery pressure in the distal portion decreases, after
hich ST-segment depression develops [17]. In the present
tudy, 3-vessel CAD with or without an LMT lesion was
ound in 4 out of 6 patients who had abnormal SPECT and
lso underwent coronary angiography. Another patient was
hown to have a sub-total occlusion of the proximal LAD
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Figure 2 Clinical courses of patients after the myocardial single-photon emission computed tomography study. Among the 16
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Apatients showing ST changes, perfusion was normal in 8 and a
event for 28 months, while 63% of the abnormal perfusion group
graft; CAG: coronary angiography; LMT: left main trunk; PCI: pe
artery. The results of our study are, therefore, consistent
with previous studies in that most patients who develop ST-
segment depression during pharmacologic stress and who
also have abnormal myocardial perfusion on SPECT have
severe and extensive CAD.
In contrast to the above observations, severe myocardial
ischemia, known as ‘‘balanced ischemia,’’ was also reported
to occur in patients with ST-segment depression and nor-
mal myocardial perfusion on SPECT [20,21]. Some reports,
on the contrary, state that ST-depression during pharmaco-
logical stress with normal perfusion SPECT implies a good
prognosis particularly in women and hypertensive patients
[21,22]. According to the previous study, the prevalence of
ST-segment depression during adenosine loading in women
was higher than that in men [21]. In women, estrogen stimu-
lates the renin-angiotensin system, increases the afﬁnity of
-adrenergic receptors, and the sensitivity of vasoconstric-
tion by catecholamines [23,24]. In the present study, out of
8 patients with normal perfusion on SPECT, 2 were women,
in both of whom coronary angiogram was not performed, but
they had no cardiac event for 24 months after the study. It
is also reported that hypertensive patients frequently have
ST-segment depression during myocardial SPECT with adeno-
sine loading [22]. If hypertension is present for decades,
coronary blood ﬂow and resistance increase and the coro-
nary ﬂow reserve decreases [25]. These abnormalities in
microvasculature may explain ST-segment depression with-
out perfusion abnormality [26]. In the current study, 7 of the
8 patients with normal perfusion on SPECT had hypertension.
Although one hypertensive patient had 1-vessel CAD and
underwent percutaneous coronary intervention, the remain-
ing 6 hypertensive patients did not have any cardiac event
for 24 months. Based on these observations, the nature of
T
t
fmal in 8. The normal perfusion group experienced no cardiac
severe coronary artery disease. CABG: coronary artery bypass
aneous coronary intervention; VD: vessel disease.
T-segment depression during ATP loading in patients who
ubsequently showed normal myocardial perfusion on SPECT
s mostly considered as benign, not as balanced ischemia
asking perfusion abnormality.
The present study had several limitations common to
ny study relying on retrospective data collection. In
articular, not all patients who showed ATP-induced ST-
egment depression underwent coronary angiography. The
ecision was made based on scintigraphic ﬁndings since nor-
al myocardial perfusion predicts good prognosis [27,28].
ndeed, 5 patients with normal SPECT who did not undergo
oronary angiography had no cardiac events during the
ollow-up period. Recent perspective on the management
f CAD patients underscores the importance of patient out-
ome, rather than mere coronary anatomy. In this context,
he analysis of the present study is considered sufﬁcient
or evaluating the clinical signiﬁcance of ATP-induced ST-
egment depression.
onclusion
he prevalence of ischemic ST-segment changes during ATP
oading is very rare (16 out of 3238 patients, 0.5%). However,
his ﬁnding should be taken into account since almost half of
hem, particularly those with perfusion abnormalities, may
ave severe CAD which requires coronary revascularization.
cknowledgmenthe authors are indebted to Mr. C.W.P. Reynolds of Interna-
ional Medical Communications of Tokyo Medical University
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